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XII. THE EFFECT OF TWO PERICENTRIC INVERSIONS UPON 
CROSSINGOVER IN DROSOPHILA MELANOGASTER 
INTRODUCTION 
Chromosome variation within the Genus Drosophila due to inversions 
across the centromere, pericentric inversions, is rather extensive. An 
analysis of five subgenera and unclassified groups by Wharton (1942, 
1943) showed that  the number and length of the euchromatic arms of the 
salivary gland chromosomes and metaphase configurations were modified 
in some fifteen species and two subspecies by such inversions. Several 
other cases have been reported by Kikkawa (1936), Burla et al. (1949) and 
Ward (1949). Although in most of these cases the autosomes were in- 
volved, Wharton (1943) reports four cases in which the sex chromosome 
has been changed to a V or J shape. Examples of chromosome evolution 
by the occurrence of pericentric inversion have thus been found in the 
four large subgenera of the Genus Drosophila. These are  the subgenera 
Hirtodrosophila Duda, Pholadoris Sturtevant, Sophophora Sturtevant and 
Drosophila Fallen. The general problem of chromosome evolution in 
Drosophila has been discussed by Patterson and Stone (1952). 
The presence of heterozygous pericentric inversion in natural popula- 
tions of Drosophila algonquin (Miller, 1939) and Drosophila robusta 
(Carson and Stalker, 1947) strengthens the suggestion that  changes 
in the centromere position on the chromosome have been produced by 
pericentric inversions. These cases prove that  some types of mechanisms 
allow the retension of this type of inversion even heterozygous in popu- 
lations. 
The present investigation tests the affect of two X-ray induced peri- 
centric inversions in the second chromosome of Drosophila melanogaster 
on crossing over, disjunction and the production of aneuploid gametes. 
One, Glazed, involves almost equal segments on each side of the centro- 
mere, while the Plum2 inversion extends from a break very close to the 
centromere in 2L to a point near the free end of 2R. These represent 
two general types of pericentric inversions encountered in studies of 
chromosome variation. 
MATERIAL AND METHODS 
The cytological position of the mutant markers, which were used, and 
of the points of breakage of the Glazed and Plum2 inversions are  presented 
in Figure 1. The approximate cytological positions on the salivary gland 
chromosome maps of Bridges (1935) for  the mutants of the  test stock, 
aristaless, dumpy, black, purple, curved, plexus, speck, are known except 
for curved. The crossover map position is indicated above each mutant. 
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F IGURE I 
The Glazed inversion involves about 60 percent of the physical length 
of the salivary gland chromosome. The breaks occur in the euchromatic 
portion of 2 L  and 2R and almost equal segments of both arms are  affected. 
The breaks were determined as  27E and 51D by Morgan, Bridges and 
Schultz (1936). The left break lies between the loci of dumpy and black; 
the exact position of the  locus of curved in relation to the  inversion has 
not been determined cytologically but i t  is close to the break in 2R. The 
Plum' inversion principally involves the 2R arm. The left break occurs 
a t  40F very close t o  the centromere and induces a position effect with 
light, and the right break lies between plexus and speck in the 59E region 
approximately a t  the brown locus (Schultz and Dobzhansky, 1934). 
About fifty percent of the salivary gland chromosome is included in this 
inversion. 
To test the effect of these inversions upon crossingover, females hetero- 
zygous for one of them and a1 dr> b pr c px sp were crossed in pairs with 
Cy a1 dp b p r  c px sp males. Crossingover was determined in the non 
Curly progeny. The occurrence of aneuploidy resulting from single and 
certain multiple crossovers within the limits of the inversion was detected 
by egg counts. The inversion stocks and three wild strains of melanogas- 
ter, Stephenville, Oregon R and UT 1930 (homozygous normal), were 
utilized in the following way. Heterozygous males and females were 
produced by mating Oregon R females to Stephenville males and the in- 
version stocks to the UT 1930 strain. Control and test crosses were made 
by mating males (control) and females (test) which were heterozygous 
for the inversion to the Oregon R/UT 1930 stock. Egg counts were made 
by use of some 16 to 30 pairs for each of the four tests. A minimum num- 
ber of 100 eggs and maximum of 300 was counted from each pair. 
RESULTS 
The crossover data are  presented in Table 1. The Glazed inversion 
which showed complete suppression of double crossingover gave the 
following results in egg counts: controls, 3770/4050 = 93.1 percent hatch; 
test crosses, 4299/4975 = 86.4 percent hatch, a reduction in hatch of 
6.7 percent. The crossingover suppression is not limited to the inverted 
region since no exchanges were detected for regions one and two (Table 1 ) .  
Only about 11% and 27.5% of the expected amount of crossingover 
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occurred in regions five and six, respectively. About 88.9% reduction 
for region five and 72.5% for region six thus occurred (Table 2 ) .  
TABLE 1 
Crossover Counts from Heterozygous Inversions 
Inversion 
nl d p  h pr c p.x s p  ? 
Glazed P lum 2 
Non crossovers 
Inversion 
a1 d p  b pr c px s p  
Single-Region 1 
d p  h pr c px  s p  
a1 Inversion 
Single-Region 2 
b Pr r PX S P  
a1 d p  Inxersion 
Single-Region 3 
Pr = PX SP 
a1 d p  b Inversion 
Single-Region 4 
r px s p  
a1 d p  h pr (Inversion?) 
Single-Region 5 
px sp Inversion 
a1 d p  h pr r 
Single-Region 6 
s p  Inversion 
a1 d p  b pr r px 
Doubles 1-2 
a1 h pr c px s p  
d p  Inversion 
Doubles 1-3 
a1 pr c px s p  
d p  b Inxeision 
Doubles 2-3 
a1 d p  pr r px s p  
b Inversion 
Doubles 2-6 
b p r c p  
a1 d p  s p  Inversion 
Doubles 4-5 
a1 d p  h pr p t  sp  
r Inversion 
Doubles 4-6 
a1 d p  b pr s p  
c px Inversion 
Triples 1-4-5 
d p  b pr px sp 
a1 c Inversion 
Triples 1-5-6 
d p  h pr r sp 
a1 px Inxersion 
Triples 2-4-5 
h Pr PX SP 
a1 d p  c Inversion 
Triples 3 - 6 5  
Pr PX SP 
a1 d p  b c Inversion 
Quadruple 2-3-4-5 
a1 d p  pr px s p  
6 c Inversion 
Total 
- 
2125 2605 
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The Plum2 inversion allowed an appreciable amount of double crossing- 
over within the limits of the inversion. Table 1 shows that  27 individuals 
which resulted from such crossingover were recovered from the total of 
2,605 tested. Cases in which one break obviously occurred outside the 
limits of the inversion as  Double 2-6 were disregarded for the determina- 
tion of the total amount of double crossingover within the inversion. The 
difference in 94.7 percent hatch (465114913) for  the control crosses and 
84.8 percent (4774/5628) for the test crosses must represent the aneuploid 
gametes with the strands produced by single and some multiple exchanges 
within the inversion. When the value of 2.1 percent for single crossover 
strands resulting from double exchange is removed, the difference of 
9.9 percent in hatch is reduced to 7.8 percent. The Plum2 inversion pro- 
duces some slight reduction in crossover in region 1 (1.7 percent reduc- 
tion) and 2 (12.5 percent reduction). The third region, that  between 
black and purple, which is adjacent to the left break shows an increase 
of crossingover. The remaining regions, four, five and six, which are  
included within the inversion show a reduction in crossingover of from 
95 to 98 percent. The latter region is only partially included since i t  
contains the right break of the inversion. All the data on the reduction 
in double crossingover within the inversion and single crossingover along 
the remaining portion of the chromosome for the Plum2 inversion agree 
with that  obtained by Schultz and Dobzhansky (1934). 
TABLE 2
Reduction in Crossingover Percent by the Glazed and Plum-2 Inversions 
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 
al-dp dp-b b-pr  pr-c c-px Px-sP 
CROSSOVER 
UNITS 
Standard 13.0 35.5 6.0 21.0 25.0 6.5 
Glazed 0.0 0.0 0.0 0.0 2.77 1.78 
Plum-2 12.78 31.05 9.14 0.99 0.99 0.11 
REDUCTION 
IN 
CROSSOVERS 
(Percent) 
Glazed 100.00 100.0 100.0 100.0 88.9 72.5 
Plum-2 1.7 12.54 -52.3 95.3 96.0 98.2 
DISCUSSION 
Chromosome evolution can occur by means of several different mecha- 
nisms. The fusion of two rods or a rod and a dot to form a V or J which 
reduces the number of chromosome pairs seems to be fairly frequent in 
the Genus Drosophila (Patterson and Stone, 1952). There are numerous 
examples of such reduction in the number of chromosome pairs, but the 
only case of an  increase in centromere number in wild populations is that  
in Drosophila trispina reported by Ward (1949). Here an increase in 
the centromere number has been realized such as  that  produced experi- 
Studies in the Genetics o f  Drosophila 223 
mentally in D. melanogaster by Stone and Griffon (1940) although the 
method of attainment of this condition in trispina can only be inferred. 
Other than a change in the number of centromeres, the metaphase and 
salivary morphology may be changed by the acquisition or loss of hetero- 
chromatin, variation in the Y chromosome and an increase in the num- 
ber of euchromatic arms by pericentric inversions (Wharton, 1943). The 
survival of pericentrics as  reflected in the chromosome evolution of this 
Genus clearly indicates that  this type of inversion has not been a rare 
occurrence or restricted to any one species group. Of the seventeen cases 
of pericentric produced V-shaped chromosomes reported by Wharton 
(1943) nearly half, seven, of the species have acquired seven euchromatic 
arms in the salivary gland chromosome indicating that  pericentrics had 
occurred in two different chromosomes. In another case, Drosophila dun- 
cani, three pericentric inversions, one in the X and two in the autosomes, 
resulted in eight euchromatic arms in the salivary chromosomes. Some 
of these cases could be explained by the less probable explanation of 
two independent translocations involving the same two chromosomes, or 
by centromere shifts. 
Not only can there be attained a redistribution of genetic material 
within the same chromosome element by pericentrics but also an exchange 
between two elements if these are carried on the same centromere. Whar- 
ton (1942, 1943) relates such a mechanism, or a translocation, to the 
presence of extra long rods in Drosophila spinofemora, Drosophila testacea 
and Drosophila tranquilla. In the willistoni group two different combina- 
tions of the basal and terminal segments of the two arms of the second 
chromosome were found by Burla e t  al. (1949). An inversion across the 
centromere has taken place in the phylogny of these sibling species to 
recombine the basal and terminal portions of 2L and 2R. Drosophila 
willistoni and Drosophila tropicalis were found to have similar combina- 
tions of terminal and basal segments which differed from two other 
species, Drosophila pa,ulistorum and Drosophila equinoxialis, both of which 
showed the second combination. This case clearly supports the suggestion 
by Wharton that  segments of two different elements could be intermingled 
by pericentric inversions. 
The main objection to pericentric inversions as an explanation for 
the change of the position of the centromere on the chromosome is the 
production of duplication-deficiency chromatids as a result of single ex- 
change within the limits of the inversion. The pericentric inversions have 
no known meiotic mechanism which eliminates the aneuploid chromatids 
such a s  that  which exists in the case of paracentric inversions (Sturtevant 
and Beadle, 1936). This difficulty can be reduced by the assumption that  
instead of two breaks, as  is required for a pericentric inversion, three 
breaks occur and the segments of the chromosome reunite in such a way 
that the centromere occupies a new position on the chromosome. In  
Drosophila there is no crossingover in the males, nor does the presence 
of heterozygous inversions cause an appreciable amount of non-disjunc- 
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tion. In the present experiments the reduction in viable offspring of six 
to seven percent due to all causes in the control where the male inversion 
heterozygotes were tested does not indicate an appreciable amount of 
induced non-disjunction by the inversions. In female Drosophila localiza- 
tion of chiasmata does occur for crossingover is much reduced in the 
region of the centromere. The centromere seems to be responsible for 
this reduction. 
The first pericentric in wild populations was found in Drosophila algon- 
quin by Miller (1939). As Miller suggests the association of this arrange- 
ment with two overlapping paracentric inversions probably reduces cross- 
ingover so that  few aneuploid chromatids are formed. Crossingover 
within reinverted portion produced by the overlapping inversions results 
in bridge-fragment chromatids which are  eliminated harmlessly as in the 
case of paracentric inversion in Drosophila (Carson and Stalker, 1947). 
The two pericentric inversions recovered by Carson and Stalker (1947) 
in wild populations of Drosophila robusta involved rather long segments 
of the second and third chromosome. These are not always associated 
with overlapping paracentric inversions. The 3R-L pericentric involves 
breaks in the two euchromatic arms of the third chromosome and is of 
the same general type as the Glazed inversion in melanogaster. I t  has 
been recovered from only one locality, Big Fish Lake, Minnesota. 
The 2L-R inversion is the same type of pericentric a s  Plum2-that is one 
break is very close to the centromere and the other well out in the euchro- 
matic arm. This inversion shows a high frequency in the northern part  of 
the United States with a general decrease toward its southern most limit at 
Gatlinburg, Tennessee. Carson and Stalker (1947) reported a frequency 
of 30.8% in the Mt. Vernon, Iowa, population and Levitan (1951) found a 
frequency of 24.8 to  38.6 percent in the Englewood Cliffs, New Jersey, 
population. The Big Fish Lake, Minnesota, sample proved to be homozy- 
gous for the 2L-R inversion thus changing the metaphase configuration of 
the second chromosome from a middle-sized V to a J (Carson and Stalker, 
1947). Apparently the persistence of this pericentric requires a different 
explanation than does that  of the one in algonquin. However, a t  the present 
time, the lack of any data on the frequency of aneuploid chromatids pro- 
duced and the absence of any apparent crossover suppressor mechanism 
a s  overlapping inversions leave any tentative explanation still in question. 
The reduction in crossingover observed in the Plum2 and Glazed inver- 
sions can not be explained by Dobzhansky's "attraction" hypothesis of 
homologous loci (Dobzhansky, 1931). In these and in other long inversions 
the pairing of homologous loci within the inverted segment should not be 
affected enough to lead to such an extreme reduction in crossingover. Al- 
though this hypothesis does not explain the reduction in crossingover with- 
in long inversions, there exists the possibility of an interference in the 
pairing of the inverted segments of short inversions. As suggested by 
Sturtevant and Beadle (1936) : "A short inversion may be supposed to have 
its pairing more interfered with by the uninverted sections than does a 
long inversion which has shorter uninverted sections." Less crossingover 
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would then be expected in short inversions because of unpaired regions 
than in the long inversions such a s  Glazed and Plum2 and the  aneuploidy 
produced from single crossovers should be reduced. Despite the fact that  
Glazed and Plum2 are  long inversions, the egg hatch reduction due to the 
production of aneuploid gametes was less than ten percent in each case. 
The success of pericentric inversions in natural populations obviously 
depends primarily on the amount of crossingover which occurs unless some 
now unknown meiotic mechanism exists. There was no significant dis- 
crepancies in the two classes recovered for crossover regions in Plum2. This 
minimizes the possibility of non-random disjunction a t  the second meiotic 
division such as  that  found by Novitski (1951) for r ing and attached X 
chromosomes and dissimilar rods. 
The Glazed and Plum2 inversions reduce crossingover to  a different de- 
gree. Although Glazed is a slightly longer inversion than Plum2, less cross- 
ingover occurs in the heterozygous condition. The position of the Glazed 
inversion on the chromosome possibly determines this difference, but the 
differences found for paracentrics with respect to crossingover (Stone and 
Thomas, 1935; Sturtevant and Beadle, 1936) demands additional tests of 
pericentrics to support this point. Even though these two pericentrics do 
vary in the reduction of crossingover both produce a comparatively small 
amount of aneuploidy. No general statement can be made on the amount 
of aneuploidy expected from heterozygous pericentrics in natural popu- 
lations, but the low amount from these long inversions suggests that  i t  
may be a much smaller effect than had been supposed. Until other three 
break rearrangements are  demonstrated, the  high effective fertility of 
these very long pericentrics makes unnecessary a n  assumption that  three 
break centromere shifts a re  a factor in chromosome evolution in Drosophila. 
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